THE ABILITY OF LEAVES AND RHIZOMES OF AQUATIC PLANTS TO ACCUMULATE MACRO-AND MICRONUTRIENTS

INTRODUCTION
Dynamic development of civilization and progressive urbanization lead to comprehensive pollution of the natural environment. Waters as well as plants and bottom sediments of many rivers were encumbered with various toxic compounds [Garbisu and Alkorta 2003] . Their sources originate as the consequences of industrial and agricultural activity along with natural processes. At present, the intensity of exploitation of catchments and the inflow of sewage connected therewith have substantial impact on the chemical composition of bottom sediments [Sala-ti, Moore 2009]. Most pollutants introduced to rivers are connected with transported suspended matter whose deposition leads to origination of bottom sediments [Caldwell et al. 2002] , and at the same time to increase of the content of macro and microelements of bottom sediments which constitute an important element of the water environment. Most components accumulated in the bottom sediments are available for littoral plants which accumulate them it in their sprouts. The research studies done hitherto confirm that the water plants reflect very well the status of pollution of water reservoirs both with biogenic compounds and heavy metals [Cardwell et Plants also play an essential role in the proper functioning of aquatic ecosystems. Produce oxygen dissolved in water, are involved in the circulation of nutrients, is a place of refuge for many aquatic organisms are involved in the process of self-purification of water and stabilize bottom sediments. Controlling the chemical composition of coastal vegetation and bottom sediment allows primarily the identification of existing and potential risks arising from the toxic effects of pollution on the aquatic environment and human health.
The aim of this study was to compare the properties of the accumulation of leaves and rhizomes of Glyceria maxima (Hartm.) Holmb., Phragmites australis (Cav.) Trin. ex Steud., Typha latifolia L. and Phalaris arundinacea L. for macro-and micronutrients. The contents of elements in aquatic plants were analyzed considering each component separately and in an integrated way -by comparing the demand for nutrients. The study takes into account the effect of the bottom sediments to the tested macrophytes.
MATERIAL AND METHODS
Sampling site locations
The research was carried out in summer 2013 year within the area of 10 stations situated with the limits of the city of Słupsk (54 . The area of the City of Słupsk covers a 8 km stretch of the Słupia River, whose shores are covered with numerous macrophytes.
Sample preparation and analytical methods
The samples of bottom sediments and of leaves and rhizomes of Glyceria maxima, Phragmites australis, Typha latifolia and Phalaris arundinacea, originated from the littoral zone of the Słupia River (Figure 1 ). The bottom sediments were collected with the use of the Eckman sampler from the depth of 0-15 cm. The samples were dried at the temperature 65 °C (Drying Over), they were sieved through a sieve of 1 mm and grinded in a mortar. In bottom sediments acidity (pH, H 2 O) and organic matter content were indicated -by the method of heat loss in a muffle furnace at the temperature 550 °C for 4 h. The samples of macrophytes within the area of each station were taken for the tests from several plants by preparation of mixed samples separately made of leaves and separately of rhizomes. The plant material was cleaned of mineral parts of the soil, flushed in the distilled water, dried to constant mass at the temperature of 65 °C for 48 h. Then, it was homogenized in a laboratory grinder (IKA A 11 basic, Germany). The total contents of nitrogen in bottom sediments and in plants was determined by Kiejdahl method (Büchi K-350, Destilation Unit, Switzerland), and the phosphorus by the molybdate method (spectrophotometer UV-VIS, Hitachi U-5100, Japan), after digested in the mixture of 98% H 2 SO 4 and 30% H 2 O 2 . In order to determine the metallic elements, the bottom sediments and plant samples were digested wet in a closed system, in the mixture of 65% HNO 3 and 30% H 2 O 2 . The extracts were diluted to final volumes of 50 ml with deionized water. The concentration of Mg, K, Ca, Zn, Fe, Mn, Ni and Cu in plants determined by atomic absorption spectrometry (AAS), (Aanalyst 300, Perkin Elmer, USA). The analyses were performed in the oxy-acetylene flame. The tests were carried out following the original standards (Merck KGaA, 1 g/1000 mL).
Elaboration of results
The distribution of the content of the analyzed elements was tested by the Shapiro-Wilk test. Due to the lack of normal distribution of data, nonparametric test was used. The significance of the differences in the macro-and microelements in the leaves and rhizomes of aquatic plants was verified by Mann Whitney U test. Moreover, the ratio was calculated rhizomes/leaves concentration (mean) ratios of research elements in G.maxima, P.australis, T.latifolia and P.arundinacea. Aquatic plant's demand for nutrients was described by the ANE (Accumulation Nutrient Elements) method according to Ostrowska [1987] . The sum of the components (Y) mmol c ·kg -1 was calculated from the formula: After the calculation of Y, the percentage (X) of each element in the sum of:
was calculated. The study contained the effect of the sediments on the tested macrophytes (Table 1) .
RESULTS AND DISCUSSION
The content of macroelements in sprouts of the plants reflects the level of their supply with nutrients. The largest quantities of N, P, K, Mg and Ca were found in the leaves of the examined species of ( Table 2, Table 3 ), which according to Sharma et al. [2006] , is fully substantiated due to the process of photosynthesis which takes place therein. An exception was found only in the case of Mg (P.australis) and P (T.latifolia), whose quantity was little larger in the rhizomes than in the leaves ( Table 3 ). The obtained results show that N and K dominated in the leaves of P.arundinacea (N = 15320 mg·kg -1 , K = 19774 mg·kg -1 ), P and Mg in the leaves of P.australis (P = 3131 mg·kg -1 , Mg = 2508 mg·kg -1 ), while Ca dominate in the leaves of G.maxima (Ca = 6864 mg·kg -1 ). The largest quantities of N, P and K were cumulated in the rhizomes of P.arundinacea (N = 9840 mg·kg -1 , P = 2638 mg·kg -1 , K = 16443 mg·kg -1 ), and Mg and Ca in the rhizomes of T.latifolia (Mg = 1990 mg·kg -1 , Ca = 4258 mg·kg -1 ) ( Table 2 ). The highest values of N/P were found in the leaves of P.arundinacea (6.3), the lowest in the leaves of P.australis (3.7). The low levels of N/P ratio re-sult from a small nitrogen content in the leaves of the examined aquatic plants as the effect of intensive growth in the summer season. According to Zhiguo et al. [2007] the most effective growth of plants takes place at the N/P = 9.5, and according to Güsewell [2004] for most species the N/P ratio takes the levels 10-20. The differences in the number of accumulated nutrients results from a physiological need and difference in species. Similar relations in the content of microelements in the leaves and rhizomes of aquatic plants were also presented in the studies of Vardanyan 
Glyceria maxima, n=30
Phragmites australis, n=24
Typha latifolia, n=15
Phalaris arundinacea, n=21 1706.6 ± 639
11.1 ± 3.7
36.9 ± 26.9 Table 3 . Rhizomes/leaves concentration (mean) ratios of research elements in G.maxima, P.australis, T.latifolia and P.arundinacea In these species of macrophytes lower accumulated value of the sum of macro-and microelements were found in the rhizomes (Table 4) . Macroelements from 54.7% (T.latifolia) to 67.9% (P.australis) were collected in leaves, and from 32.1% (P.australis) to 45.3% (T.latifolia) in rhizomes. Microelements characterized by a different distribution, from 8.9% (G.maxima) to 38.4% (T.latifolia) were accumulated in leaves, and from 61.6% (T.latifolia) to 91.1% (G.maxima) in rhizomes. The share of nitrogen was 42.4-59.8% of this amount, phosphorus 4.3-8.6%, potassium 22.8-35.1%, calcium 2,6% do 12.4%, magnesium 3.0-7.5%, and trace elements were from 0.6% (G.maxima) to 1.2% (T.latifolia) in leaves and from 2.2% (T.latifolia) to 8.7% (G.maxima) in rhizomes. The similar relations between the measured amount of ingredients in various plant species were shown by Parzych and Sobisz [2012] . A large share of manganese and iron in all components measured in leaves and rhizomes iron evidence of their excessive withdrawal from the bottom sediments, and encouraged neutral and alkaline bottom sediments ( Table 1) .
The U Manna Whitney test indicated a series of statistically vital differences in cumulative properties of the examined aquatic plant species in relation to macro-and micronutrients (Table 5 ). The most frequent diversification related to Mg, Mn and N. The differences in accumulation of P in the leaves of Typha latifolia and Phragmites australis as well as K in rhizomes of Glyceria maxima and Phalaris arundinacea. Only in the case of Ni, no statistically vital differences in accumulation were found in the leaves and in rhizomes of examined macrophytes. 
CONCLUSIONS
The largest quantities of macroelements were found in the leaves of the examined species, and microelements dominated the rhizomes of most examined macrophytes except for Mn in P.australis and T.latifolia. The content of macro-and microelements in aquatic plants was varied, depending on the species, and part of the shoot. The largest amounts of macronutrients in the leaves, and the smallest in rhizomes of macrophytes with the exception of manganese in P. australis and T. latifolia. The largest average amount of zinc and nickel were found in the leaves of P. australis, manganese in T. Latifolia, iron in P. arundinacea, and copper in G. maxima. Most of Zn, Mn and Ni demonstrated in rhizomes of P. arundinacea, and Fe and Cu in rhizomes of G. maxima. Increased Mn content in shoots of T. latifolia and P. arundinacea in relation this physiological needs refers to the beneficial effects of these species in the water treatment and sludge from the bottom sediment of manganese compounds. In the case of G. maxima the existence of protective barriers restricting movement of Fe from rhizomes to the leaves were found.
The leaves of aquatic plants accumulated from 1354.9 mmol c ·kg -1 to 1844.0 mmol c ·kg -1 , and rhizomes from 985.8 mmol c ·kg -1 w to 1335.2 mmol c ·kg -1 of all the analyzed components. Macroelements from 54.7% to 67.9% were collected in leaves, and from 32.1% to 45.3% in rhizomes studied of aquatic plants. Microelements characterized by a different distribution, from 8.9% to 38.4% were accumulated in leaves, and from 61.6% to 91.1% in rhizomes. 
